Mutations in the presenilin-1 (PS1) gene cause approximately 50% of cases of early onset familial Alzheimer's disease. The function of this protein remains unknown. We have made an electrophysiological study of hippocampal slices from transgenic mice expressing either a normal human PS1 transgene (WT) or one of two human PS1 transgenes bearing pathogenic mutations at codon M146 (M146L and M146V). Medium and late afterhyperpolarizations in CA3 pyramidal cells were larger in mice expressing either mutant form compared with WT and nontransgenic controls. Calcium responses to depolarization were larger in M146L mice compared with nontransgenic littermates; synaptic potentiation of the CA3 to CA1 projection was also stronger. These results demonstrate disruption of the control of intracellular calcium and electrophysiological dysfunction in PS1 mutant mice.
INTRODUCTION
Alzheimer's disease (AD) is a progressive dementia characterized by neuronal and synaptic loss in the hippocampus and cortex. AD-causing mutations have been identified in the amyloid precursor protein (APP) gene on chromosome 21, in the presenilin-1 gene (PS1) on chromosome 14, and in the closely related presenilin-2 gene (PS2) on chromosome 1 (Rogaev et al., 1995) . PS1 and PS2 are 67% homologous at the amino acid level and both contain between seven and nine transmembrane domains. The proteins are found in intracellular membranes, mainly in the rough endoplasmic reticulum and Golgi apparatus in neuronal cell populations and in peripheral tissue (Tanzi et al., 1996) . Mutations in PS1 have been shown to alter APP processing in ways which generate more of the highly amyloidogenic, potentially pathogenic peptide A␤42(43). An increased ratio of A␤42(43) relative to A␤40 was first described in fibroblasts from AD patients with PS1 mutations (Scheuner et al., 1996) and was subsequently confirmed in transfected cells and transgenic mice that overexpress mutant (but not wild-type) PS1. These observations, coupled with the similarity of PS1 to two Caenorhabditis elegans proteins (Spe4 and Sel-12), suggest that the presenilins could play a role in intracellular protein trafficking (possibly related to the Notch pathway) and that one of the proteins affected by mutations in the presenilin gene could be APP.
Although transgenic mice overexpressing mutant PS1 show an elevation in A␤42(43), they do not develop amyloid deposits in the brain by 2 years of age (K. Duff, unpublished data; Holcomb et al., 1998) . This is in contrast to transgenic mice overexpressing mutant
